Abstract-Linearization of non-linear physical processes is a standard approach for analyzing various non-linear systems. It is widely used in different engineering disciplines. It is known that school students are inclined to apply linear or proportional models in mathematical and physical problem solving. However, engineering students have difficulties with linearization and do not always apply the method correctly. A long pedagogical practice of more than 30 years in the field of electricity and electronics higher education have brought the authors to the assumption that the students have a misconception of non-linearity, which prevents them from understanding of the concept correctly.
I. INTRODUCTION
Learning engineering is accompanied by the creation of misconceptions of basic science concepts. According to the classical approach to erroneous perceptions or misconceptions [1] , relied on pedagogical research in the area of mathematics and science learning, students come to class with early theories based on their day-to-day life, that is, with intuitive perceptions. Systematic errors in thinking are the results of these perceptions [2] . One of the most popular definitions of misconception [3] suggests: "There are ideas derived from daily experience that students bring to their learning experience and that contradict scientific understanding and [are] often resistant to change". Although students' misconceptions in science are widely investigated in pedagogical literature, the misunderstandings of different engineering concepts are less researched [4] , [5] .
In contrast with such science disciplines as physics, in engineering courses, the students usually learn concepts and ideas that are unrelated to their life experience, and which are absolutely new to the learners. In this case, students' misconceptions can be based on primary erroneous perceptions of new knowledge. If the student does not grasp that his understanding is incorrect and uses it in his learning practice, i.e. in problem solving, the erroneous perception strengths, can turn to a misconception and entrenches in the thinking of the future engineer.
Linearization of non-linear physical processes is a standard approach to the analysis of various non-linear systems. It is widely used in different engineering disciplines -electricity and electronics, mechanics, control theory, engineering design and others. It is known that secondary school students have a tendency to apply linear or proportional models in mathematical and physical problem solving [6] . Therefore, the linearization, which is a very common and frequently used method, must be well understood by the students. However, engineering students have difficulties with it and do not always apply the method correctly. Thus, the authors of [7] claim that 95% of engineering students taking the course of Control Theory, make the same mistakes in linearization methodology -they ignore the operating point of controller and apply the controller to the system without considering the operating point. [6] describes students' misunderstanding of the problem in the field of Electrical and Electronics engineering: the behavior the P-N diode. According to the authors, many students could not differentiate between the linear or resistive behavior of N-N junction and non-linear behavior of P-N junction or diode.
A long pedagogical practice of more than 30 years in the field of electricity and electronics higher education have brought the authors of the current article to the assumption that engineering students have a misconception of non-linearity, which prevents part of them from correctly understanding of the concept.
II. THEORETICAL BACKGROUND
Students' difficulties with linearization are expressed in the Analog Electronics course, where the students first encounter non-linear components, such as diodes and transistors. Electrical and Electronics (EE) engineering students learn Analog Electronics after the courses of Physics 2 and Electricity and Electrical Circuits, during which they mostly deal with linear interpretations, such as Ohm law and linear differential equations, described behavior of basic electrical components -resistors, capacitors and coils.
In contrast with these components, the P-N junction diode behavior is non-linear. The current-voltage characteristic of a silicon diode is presented in Fig.1 . The mathematical model describes an exponential relationship between current I through a diode and voltage drop V on it, as follows:
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IV are the constants at a given temperature. In engineering practice, it is inconvenient to use a non-linear equation (1) . The common approach is a linearization of the I-V characteristic and a usage of linear engineering models, which must supply reliable calculating results. Thus, for the diode one of the most popular models is constant-voltage drop model. The simplified current-voltage characteristic of a constant-voltage drop diode model is presented in Fig. 2 .
According to the model, the diode can be presented as a power source with a constant voltage drop the usage of the I-V characteristic provides the highest accuracy of the results, but is not commonly used in engineering practice because it requires information about a specific diode, and it is difficult to apply it in complex electronic circuits. The linearization process and the choice of an appropriate diode model in different circuits and different conditions seems to be very difficult for novice engineering students. The previous study [9] revealed that the students, solving problems using models, misunderstand a basic engineering goal: to get the results, which are maximally close to real life. This misconception might intertwine with the misconception of non-linearity. The current study aims to illuminate students' difficulties in understanding the basic concept of non-linearity.
III. THE RESEARCH SETTING
A. The Method A qualitative research methodology was applied in the study. The qualitative approach is well-established in educational research [10] , and frequently used to profoundly delve into different phenomena in educational processes.
B. Research Aim
The study investigates the EE undergraduate students' understanding of the non-linearity concept, based on their written solutions using different models of P-N diode, and oral explanations of the solutions.
C. The Participants
The research was carried out in October 2017-January 2018. The participants of the study were EE students of a 14 weeks Analog Electronics course in an engineering college in Israel. The course was medium sized (about 50 students), and was taught by one lecturer and one tutor.
D. The Activities
The questionnaire included four simple problems that require the usage of an appropriate model of P-N diode in different conditions. It was designed and applied in class after learning the diode subject during the course. The questionnaire is presented in the Appendix. The students answered the questionnaire during the lectures. After an examination of the students' answers, open interviews with 12 students who demonstrated misunderstandings of the non-linearity concept were carried out.
The students who participated in a semi-structured interviews were asked to explain their solution on the questionnaire problems, and the reasons for the erroneous choice of the solution.
The explanations given by students were analyzed and summarized.
IV. FINDINGS
The misunderstanding of the non-linearity of the diode current-voltage curve was reflected in the students' explanation about the choice of an appropriate model in the solution of the questionnaire. By analyzing questions 3 and 4 in the Appendix, it can be seen that decreasing the resistance R moves the operating point to the upper part of the volt-ampere curve (Q1) (Fig. 3) , where the constant voltage drop over the diode can be established as a constant value of approximately 0.7V. Increasing the resistance R moves the operating point to the lower part of the volt-ampere curve (Q2). In Q2 the characteristic is strongly non-linear and voltage drop is rapidly changing from point to point. Therefore, using the given current-voltage curve for problem solving in point Q2 is preferable. Three students applied the ideal diode model for problems 3 and 4. This model is not appropriate for these problems because the input voltage 1 VV  is low and the negligence of the voltage drop on the diode (about 0.6-0.7V) causes unreliable value of the current. One of them explained his choice in the following manner:
A: It was the simplest solution, therefore, I chose it.
When was asked about the reliability of the calculating results, he answered:
A: Is it important? I have never thought about it. Two students explained the reason for the non-accuracy of the solution results by Ohm's law, namely, by the linear relationship between current and voltage:
J: The results are not accurate because we don't know the accurate value of diode resistance. If we know it precisely, we will be able to calculate the current with high accuracy.
J. misunderstood that non-linearity of the I-V curve equals to the continuous change of the internal resistance of the diode from point to point, and it is impossible to know its value in each operating point.
Discussion From the given explanations it can be seen that part of students misperceive the essence of non-linearity. EE students learn Analog Electronics after the Electricity and Electrical Circuits course, during which they mostly deal with linear interpretations, such as Ohm law, of basic electrical components -resistors, capacitors and coils. It can be seen that at the very beginning of non-linear components learning in the Analog Electronics course, the students look for a simple linear dependency between current and voltage, like Ohm law, on the devices. They seek the simple linear relationship between parameters of the non-linear device (diode), and do not understand why they need to apply different models of a diode in different conditions. This misconception can be illustrated by the findings described in [5] , where the students sketched linear current-voltage characteristics of P -N junction. It is in line with the finding described in [4, p.1597] : "The students seek to find the causes of phenomena under study, and seem to prefer simplistic, one-to-one casual relationships." Additional evidence of the difficulties in linearization methodology and the existence of the non-linearity misconception was given by the authors of [7] -students forget the operating point.
In the current study, similar as in the previous [9] , the non-linearity misconception intervened with the misconception about a fundamental engineering principle: the calculating results must be reliable and close to real life results. Part of the students prefer using the simplest model of an ideal diode, although their results are far from being correct.
Dwelling on one concrete model and not using others can attest to poorly developed analytical skills among part of undergraduate students. The authors of [11] found that the differences between successful and unsuccessful problem solvers are the number of diverse representations they operate in the course of problem solution. Therefore, developing analytical skills by visualizing the linearization process, along with designing carefully-constructed educational simulations, as the authors of [5] suggest, and using different representations and models in lectures and tutorials can help students to overcome this problem and to cultivate proper science understanding of non-linearity.
The study can be useful for the engineering educators to be aware of students' misunderstanding of non-linearity and help them to find pedagogical ways to overcome it.
APPENDIX -THE QUESTIONNAIRE
Consider a circuit with a diode in Fig. 4 . Current-voltage characteristic of the diode is presented in Fig. 5 .
In 
